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Design of Fuzzy State Cotroller and
Fuzzy Control of Container Crane System
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Abstract

The fuzzy controllers are designed on the basis of fuzzy models representing the dynamics of the con-
tainer crane,

The fuzzy control theory is applied to control a container crane, which is a very complicated system and
controlled manually by experts. As reference velocities of trolley and hoist of the container crane, we use
those decided by experts, and express them by TSK fuzzy model. We control the crane to follow the refer-
ence velocities by using fuzzy state controllers,. We made a model container crane and applied the
suggested method to it.
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o] AL 717t oA $0, Al=de] AN E nHEA g3 U

2 d3s TSKE #fAndl2lz 2e AL AL S 248 F sle s A7) dAEE S A
Qrsln, £W AR oZE:std] 2&AH T QP ERT A2HE Fo s Aol A 2AFH HA
Ao g A &3zt gl

TSKY fAnde ZE2r7 g&24de J¥daAdos2d HAFAEZ T4 ol B34e vdFPA =
He HSEAE 22 A5 e AT 5 gtk E3 A|2H9] 29 dolgwtoz HAnd S A4BF & 9l
o], W18 Al A" 9] black boxX Q) md &l gol ALgH 3 gIi4l-l6] mpel TSKE # 2 xdg o] &-3te o
A 7S DAY A, BFs u Y A2 Aojo Held 58 & 4T & vk AR 23 ws)
ATHD Y PEHEL 37 o] 27X 2 W E F At

(1) TSKE alAxdg fAAo712 AHEH e A% Al 2o B33 vjdgo| At Qzke 7zte] Fa3 o
g st B4 Alojo] &L o] &% Aojr} BT, tiAl £ E ARl Alolg F i w HEHE B 5ol
th oA 11 £HE Aol Ao o] &Y HiolE| & o] 838t U Y AlojHE TSKE Hxrnd= %
i, 1A A A 72 gt T2, PSR A7 ArutEll Yt gRll Fo
At

(2)TSK® ndz 28 HXA o7& dAst:s A% :A2d9 1&3 BA7 TSKY HARLZ T35
e, 2 HAARY L EZ 2L HAANE AAeE Lot o] W 1 HAA 7= TSKE HAnd
7 7z dee] HAFAS2 FAED ol g Feje] HAA 2 7 28] Atd A Tanakallole]
ols) AlgtE Zo] Utk AR AL HAA )79 A= HAEAT AAA e A A gfsjrs BAgo]
Qo Fxte] A& Lyapunovel AW E o] §3le] MM 28] ¢t Y& majstxw Aoj7] A Wyol &
A7 Aol7] we A HASHA gert

2 ApdNE fArdE R A2 HAA 7 E AASE 70 vy g s dstn g & 92739
Agyst 48402 5o gleng Bao Ay o)A 2kle] o2& L3, HAA 2K FJepolP el
A3tE= A Ro) S, BAZFQ uhte] obd Alibell 2l&) HAFeAA o NG AASIE WS ALt

B AFoA Agez A3 Aroly AL, oA A=A E Aol &uk Mubzt b 2Tkl
3t T A= vl Z a3 Fulojr), o] A st L M WA g Hist vl g Azt A
HE 2Eg st Uk #AEond 2HUAL NEAE g F3ole EE) 22§ Folgen e 747
2 1A= gl a¥d Aol Qe S5 ol vl BF Yol AF 2P0 dFEo AF
Aue A2t o8 22D ok ol o8l 2 T8 A o8 Ao Wy Eel AHAA gt o
& o] 277 22x9] ZolE AAF sla Futste Wy, olv) AAHA 37K LF(FALE, FHET, At
Mgl og HAA ol il o= HA)Aoj12] wpy So) glr} e} o] Wy gl Ade A&7
Z&o) vja] -2 Aol wo] 52 R3ta Utk
B =2dMe AErte] 246 o8 AR EEY Y $72719 FEHEEE HAAND nERE
ol AL Aottt &, £U/ AF EE S 47 1E4EE HARYR FH L, O AHER
o] Aol Aol T2 Aoty o] W ALgste Aojrje B AN Aletdte HA G A 7]t
B A Aol A e 23l & AzEto Aekste WS A4 F LA

. HX| AefH|0{7|

2.1 TSKE HX| 24l
B =R A AFS-3HE TSKY HAInd & o83 ¢ ¥ 352 FAYD

Li:1f 2, is P}, zyis P}, 2 is P}

then yi=c} +c} x;+ch x,+ - +ch x, (n
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A7IA, zi= BAR 4P, Ple AR, vie 94 0759 29, x&= 28R €8S, e dEr
¥4 setnEoln, 28 y& FE3he WL 2(2)9 2},

Y==(._Z_IWY)/;W ©)

q71M, ke HAFH &, We dgtol @ W73 L Ax2e) =g Ve, B2 4 Ale) 2004
AW All)Z BF & 39, We L3 go] 9ok

‘/Vi:=l:'![l A; (Zj) @)

Ak e HA FHER ALY E B3 A2 4 FUE WA £E3A 2 9x) BE FHE Y 42 Y
AN oz A geloly, AT APE We ddo] ida HA BE o] TP & HEE JepdT),
#9 Befe] TKE HARDE JE8 volH TR A4 st g AR Q437 AER] Qo2 1y
o, e dFstd oo 2}, AA R 4ol HAFHE oIF A HAREEHoE U 3% 748 BR e
€ EAlolth o] A& oW BdV)EE Y3t 1 7]Eo] Aol B YA FNHE AL YN, 1 YN Yle
A WY AYYE AHSET o] W) AHg3he Be 7]Fol @, AA4E mdo] Ao ALSH HojE ol A3
Zlo] opyi AA) Al2de A3 BHse AUAE BEste 7IFoIH, GMDHHAA AU 1 Y W&
ol &gt AEN UL HATFH AEF S W5} Heuig g Fate BARJ, o] R AYAIAH ) Ay
& I 2 o] &3t FErt

2.2 HX| MEfNI017 12 HA Y

A=Re] 429 BAVE TSKY HARd2 FEso A& o, 2 2d2Rg AAA 20 AJejHo]s o)
P F Ro] HEF3te HAH 7] FANE & Ao
A" JEYHE WAV OGS 22 HAFAER FAH otz s}

iy . pi D . pi
L':1fz1is P{, 2,18 P,, =, 2 is P

then m'(k+1) =®'m(k) +I'n(k) 4

714, m(k) & 4 E5+9E (nx1), n(k) & LWL (px1), O A 249 (nxn), T YYD (nxp)olth,
A9 AARY2RE HAHE AAR L, WAL 2L 59 HAFNEES FAA, 2 A7) A
Ave ARzl AAFH AAR} SDa 2, HAAI o idA HAFH L he 3} o},

C':Ifz,is Py, zpis Py, -+, 2is PL,

then n'(k) =G'm(k) (5)

1714, Gz Aei A o] sHebnl B9 (p x n) ol Tk, x| 4be) Ao} Al 254 2] block diagram& 19 19] Bt}
AN (N)EZ TAY HAD2 38 28 mk+1)e 223 18 429 2& TASAG| A,

AAFH (552 7Y HAA7Z 2E Aol n(k) & FE3he PE G'F Fohe $RL A 29

o gy HolAYg e st g F 9} go) Bk

el : 21(6) % gol AMA 2D 2] Yake PehHol P o] @2 57,

m(k-+1) =0'm(k) (6)
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riv Lo Z1 iS' Px‘, Zé iS.Pz‘, T, Zm is P
then m'(k+l) = ®'m(k) + 'nk)

n(k)

C:If zisP! z is P} - -, zmis Pno <:__——
then n'(k) = Gm(k)

8 L HAGEHA AN AL BHE
Fig 1. Block diagram of fuzzy state control system

AeiA ol et B8 Y Gi & o A(7) L HEATT 87t
®'= @i+ TI'G!

AR A o}7]22E 22 E 92 n%k)E HAR 72 2 L3} go] 2E e}
iow"rin"(k>=§ WiT n'(k)

2™ 1Y n%(k)oll 23] Aoj= = A L] Aej Mol PP L 2 (6) % 22 @7} At

m(k)

(N

(8)

3. H(8)& 3t nl(k)7F Aojgg ez A8HYE AARI ()2 FH m(k+1)0] th 3 go] :8H

mik+1) = (% Wm'k+1) )/% W
= (L W@mk) +r'n’) )/ § W'
=(% Wo'mk) + 3 W'nk) )/ L W
=(3, We'm() + ¥, W'n'k) )/ % W'
=(L Womk) +3 Wr'emk )/3 W
= (L W@+T'6hmk) )/ L W
=0"m(k) O
. 28 Ziefo|L] Fahelo| Ay

3.1 2% 0| Il

(9)

A AR A F 444E Yoln ] fial Arol Ao} v WS A=A B Lol 120cm,
£l 100cm, Eg2l9 $77] 754 REE 22 12WDC 2HE Agsln, ES X9} 229 Zo] 9
Auoldsl A A5 E 2457 A8l AAS ARHE AR, PWMEA e w8 2E=aoln 9 ¢

FH-PCzte ¢Eimlol & 7t & AASAT. 2 =FA A2 Doy Zaile] g8 a1 20 Bt}
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Fig 2. A container crane system.
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Zeoly AL SE Pl e B wMdyo|n, T G0 AT HFY AF2Y W WFHY
Aol P L HEa717)t oyt 2eY B SUNEL £FL2 HH ol AAVE 73] At & =7
AMe £8MES] 23 o8 AR ESL S 7379 #HEEE =2 F HAX A 7|1& AU
Z U7t AP EE Y £ FHEEE HARYE BHA ARSEA A HAmdo] #HAE A
goly AL 1 FE&Ec] BEE g Hojdrt ol Felol] A AlAHo] vis BEa vdF e £
Ae 2 denz o oA 43§ HA e Ao]7E o] §3rh

Adol] A Q) HRAAA LK A EX5EE 19 39 2}

EL LR Egesh 23714 =gl 53719
FHEA FagGse| 4SS Wxatet Mol A Ao ] | HE
W2 A EL L

13 3 AHolu Al Mo A 2Fe] A BYE.
Fig 3. The overall block diagram of the container crane control system,
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(1) A zhyel Ao g 3 &3] 2o

(2) Aol E $talE 3o EX XY = 3AE o Pelolde) ESHE HaR
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AT 2 308 $AE o Aode] ZANE 0.5kg-1.5kg, ¥ AL E 1.0m-1.2mE H3 A|F)|BA] Ho]
HE 9k 5028 20 ¥ Hwd 2 313 49 JehRgic),

A Az X Ay

1

-03 017 0.54 0.94 1.84
LI xlk) is A

(k)

then wik+1) = =065 + 1.5vi(k) — 0.068w(k) + 0.0078(k) - 6.87x:(8) + 0.02/(k)
L2 If xdk) is Az

then vi(k+1) = 227 + 0.6w(k) - 0.024w(k) - 2.02x,(k) - 0.002/(k)
LY If x(k) is As

then vi(k+1) = 386 - 4.06vi(k) + 0.43w(k) - 0.0176(k) - 41.8x(k) + 0.02i(k)

(a) The fuzzy model of trolley reference velocities.

B: Bz Ba

L x(k)
-1.08 -06 04 0.74 189 209
Li I xfk) is By

then va(k+1) = 0.67 + 2.63vi(k) - 1.82w(k) + 0.020(k) + 26.8x,(k) - 0.44I(k)
L¥: If x(k) is Bs

then wy(k+1) = 018 + 0.72va(l0) + 0.66w(k) + 0.0168(K) - 103x (k) - 0.0421(K) |
L3 If x(K) is Bs i

then vi(k+1) = ~822 + 0.11va{f) - 3.03w(k) - 0.076(k} +13.4x.(k» - 0.25[(k)

(b) The ey model of hoist referesce velocities.

O3 a sz vAng,
Fig 4 The fuzzy models of reference velocities:

a3 49 A x = 03 1Alel 2 AFE A7 ERE Y X, v ERE Y &%, e $72719 &5, we A
oluie] B, v A=Y 5V 2%, /2 ¢737] 22 Zo] o},
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Hapgei Ao} 7] 2] dAI% e o) T Ao HAA of

3.2 HX|AEHH 07|

SHANH 7 PESE 2y Aol Ao MEEF Aojstdopgitt, T, PH W AURJIY FY
o] o> B vl dF o] BEAE A slol, & FollA AR e Ax el ol71E AHEETE S HR) 4
o718 HA7] f3l dA EEAY £73719 F9EE EPse HARY S Agstoofstn, o] o) AHEHE
HeolH & 73t7] sl 23 2] EEe FERES 5737 FFREEHA A G5 E dHE EEYY 53
71¢] £ & F3 & I volHE o83t A4E HARYE a5 AT u e EEY TF ZEY A
AYYolil e +27] TF ZH Y AojdFoin,

B( A \(_A:
: : 8(k)

-120 -80 -75 25 26 265
L':If 8(k) is A; then vi(k+1)
L?: If 6(k) is Az then vi(k+1)

-0.30 + 1.03vy(k) - 0.09vi(k-1) + 0.96u(k)
-490 + 057vi(k) + 0.0lvy(k-1) + 5.44u(k)
L% If 6(k) is As then wi(k+l) = -144 + 0.40v (k) - 0.08w(k-1) + 1294u(k)

(a) The fuzzy model of trolley drive motor dynamics.

B Bz Bs
A n

01r 037 067 07 078

L': If wk) is B; then wa(k+1) = 173 + 1.00vp(k) - 0.37va(k-1) + 5.70us(k)
LI wik) is Bz then vi(k+1) = -4.74 + 0.42v(k) + 0.02va(k-1) + 12.27un(k)
L3 : If w(k) is Ba then vy{k+l) = ~584 + 0.45v,(k) - 0.02vn(k-1) + 11.08ux(k)

wik)

(b) The fuzzy model of hoist motor dynamics.

8 s 28 $q%) @3 Haied,
Fig 5. The fuzzy models of the dynamics of motor,

A iAol 718 A7) AMNE 29 59 HATY BEF 8 YARPO 2 viAol Bk, 19 59 HAF
Jeg YBoz S e et

Li:Ifzis P, then xi{k+1) =a, +a,'x(k) +a, x(k—1) +biu(k) (10)
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HAFH (1009 AE3S 92 Y402 B o2 g,
xi(k+1) =Aix(k) +Blu(k) +C! (11)

714 x(k) = (x(k) x(k—1))T, Bi=(b' 0)T, Ci=(a, 0)T, Al¥= phase variable canonical form matrixo|t}.
THLH FF A7) AAE AT N2 AN HFNE m(k) 9 n(k) S &7 2o] Feoldc}

m(k) — [ X+ 2 —xto] (12)

n(k) —u(k +1) —u(k) (13)
q71M r& gl m(k) ¢k n(k) & AHE-8HE H A2 (10) o33 ol Hr},

Li:1fzis P, then mi(k+1) = & 0 Jmto +[ B Jato (14)

471 D= (10) °lth. HAAFH(HE FAHE HAARLZ 2 o For] AR oz HAA 0718

dAshE 1960] vk 33 50lM HATFH AAR ve = HAXNPYH A, Be 18 5944 e ANIRH

22 Aotk EF, o] HAPFejAlo 7l AAA L] Fejdolsid @02 R R E0] 0.5 03 £j0.3 7 HEE
53 2ol ATk

0.1 —0.045 —0.245
o= { 1 0 0 }

1 0 1

(15)

C :If 8(k) is A1 then nl(k+1) = ( <093 004 -0.245) m(k)
C2:If 8(k) is Az  then né(k+l) = ( -048 -0055 -0.245 ) m(k)
CP:If8(k) is As  then n¥k+D) = ( 030 0003 -0245) m(k)

(a) The fuzzy state controller of trolley drive motor.

C:If wk) is By  then ma'(k+1) = ( 090 0326 -0245) m(k
C*:If wik) is B, then ny?(k+1) = ( =032 -0027 -0245) m(k)
C*:If wk) is Bs  then m(k+1) = ( =035 -019 ~0245) m(k)

(b) The fuzzy state controller of hoist motor.

a3 6. X FefAl o)),
Fig 6. The fuzzy state controller.

33 MEAD
FH S50 AARYS AL HAFRAN NG A% 2y FHA0] Mg stel, Aulol] TS LAY
g uHzle A 4ge 298 2973 298] Bt
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(a) The locus of container controlled by expert. {b) The locus of container controlled by fuzzy controller.

2l 7. AV e FAE 1kg, A E 107.5cmA w o] Ao A,
Fig 7. The control results when the weight of load is 1kg and the carring length is 107.5cm.

R R N N N S S N I S I S

i I

(a) The locus of container controlled by expert. (b) The locus of container controlled by fuzzy controller.

23 8 Adlo|uel FAE 0.5kg, W AE 112.5cmYd w2} Ao} A 2,
Fig 8. The control results when the weight of load is 0.5kg and the carring length is 1125cm.
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TSKE #Ard2 2H AN2E Hx A7) o] AU E At T3 HAA7] A& 719 A4
A o] Wy g o] &3t Aol i, B =M Ate A YA o] TSKE HA D2 FH FAA
2d 9] kg4 g neiste] QALY F & wRdM e AMA L] FejHo] PPo] Y3t AT Zol E
UEE, HAgefA o719 74 W, FeiAo] stetuie] PP E 7ot WY, FE WY & AASAH

E3 E =M Aoy ZaAde] M2 Ao 4y AAST AAF HAG Ao}z H A
A Rl P o) £Fog 2AHIL Je DH oY AU 2V E BE, Mo S8V FEFEF
oz AYHE EEAS 74719 FHEEE HA Y2 Fds L Egd #7477 2 1 SR 2
HAA o] ), ol AHEE HA A7 AT AN A 7)ol AdE AUE P A 2 A
o] HlHo] £¥stol s wEo AH I of ¢ FASHA HE L 5 AU
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